. Experimental details for the single-crystal X-ray diffraction study of becquerelite and billietite. The crystal structure of becquerelite contains six symmetrically independent U 6+ cations, which are forming typical nearly linear (UO2) 2+ uranyl ions. Each uranyl ion is additionally coordinated by five additional ligands, two O 2− anions and three OH -groups, located at the equatorial vertices of the uranyl ions to form Urϕ5 pentagonal bipyramids. The <U-OUr> and <U-ϕeq> mean bond lengths vary between 1.79 and 1.83 Å, and between 2.38 and 2.40 Å, respectively (Table S3) . These values closely match the typical bond lengths observed for [7] -coordinated U 6+ [1, 2] . The structure contains also one symmetrically independent Ca cation that is coordinated by eight ligands ϕ: four O 2− anions belonging to the uranyl ions (OUr), and four H2O water molecules, thus forming a CaO4(H2O)4 polyhedron. The mean <Ca1-ϕ> bond length is 2.51 Å. In addition, four isolated water molecules (O15, O27-O29) are located in the interlayer space, increasing the connectivity of adjacent sheets through H-bonds. The structural formula of becquerelite is given by Ca[(UO2)3O2(OH)3]2(H2O)8.
Sample
The structure of becquerelite is based upon infinite sheets parallel to (010), which are constituted by corner-and edge-sharing uranyl pentagonal bipyramids ( Figure S1 ). The sheets show the α-U3O8 (protasite) anion topology [3] . The protasite anion topology is quite common among the uranyl oxide hydrate minerals, and is observable in the structure of billietite Ba[(UO2)3O2(OH)3]2(H2O)8 [4] , protasite Ba(UO2)3O3(OH)2(H2O)3 [5] , compreignacite K2[(UO2)3O2(OH)3]2(H2O)7 [6] , masuyite Pb(UO2)3O3(OH)2(H2O)3 [7] , agrinierite K2Ca[(UO2)3O3(OH)2]2(H2O)5 [8] , and richetite MxPb8.57[(UO2)18O18(OH)12]2(H2O)41 [9, 10] . However, the distribution of anions (O 2− and OH − ) within the sheets based upon this anion topology is not identical in all these minerals. Actually the topology of the becquerelite sheet is only identical to that found in billietite and compreignacite. The distribution of O 2− and OH -within the sheets is important because it modifies the charge of the sheets and their connectivity to the interlayer constituents through H bonding [11] . Adjacent infinite sheets of uranyl polyhedra are connected via the Ca cations which are bonded to four OUr atoms, with three of which from the same sheet ( Figure  S2 ). The structural data obtained on natural becquerelite from Rabejac are completely consistent with the data published on synthetic becquerelite [12] . The mean bond lengths for the Ca and U sites are exactly the same in natural and synthetic becquerelite samples. These distances are also in good agreement with the distances reported by Pagoaga et al. (1987) [5] for natural becquerelite from Shaba region. Consequently this study confirms also the presence of six OH -groups and eight water molecules pfu in the crystal structure of becquerelite. The crystal structure of billietite contains six symmetrically independent U 6+ cations, which are forming typical nearly linear (UO2) 2+ uranyl ions. Five of the six uranyl ions are additionally coordinated by five additional ligands ϕ (ϕ = O 2− or OH − ) located at the equatorial vertices of the uranyl ions to form Urϕ5 pentagonal bipyramids. The <U-OUr> and <U-ϕeq> mean bond lengths vary between 1.78 and 1.83 Å, and between 2.37 and 2.41 Å, respectively (Table S6) . Like in becquerelite, all of the uranyl ions are coordinated by two O 2− anions and three OH -groups. The sixth uranyl ion (U3) is additionally coordinated by four ligands ϕ arranged at the vertices of a distorted octahedron. This polyhedra can also be identified as a distorted square bipyramid. The <U-OUr> and <U-ϕeq> mean bond lengths are 1.82 and 2.29 Å, respectively. The structure contains also one symmetrically independent Ba cation that is coordinated by ten ligands ϕ: six O 2− anions belonging to the uranyl ions (OUr), and four H2O water molecules, thus forming a BaO6(H2O)4 polyhedron. The mean <Ba1-ϕ> bond length is 2.88 Å. In addition, four isolated water molecules (O25, O27-O29) are located in the interlayer space, increasing the connectivity of adjacent sheets through H-bonds. The structural formula of billietite is given by Ba[(UO2)3O2(OH)3]2(H2O)8.
The structure of billietite is based upon two symmetrically and stereochemically distinct infinite sheets parallel to (100). The first sheet consists of corner-and edge-sharing uranyl pentagonal bipyramids ( Figure S3a) , and is identical to the sheet occurring in the structure of becquerelite and compreignacite. The second sheet is formed by chains of edge-sharing uranyl pentagonal bipyramids that extend parallel to the c crystallographic axis ( Figure S3b) . Adjacent chains are then connected by corner-sharing and edge-sharing via the U3 distorted square bipyramids. Figure S3 . The structural sheets of uranyl polyhedra occurring in the structure of billietite: (a) α-U3O8 and (b) β-U3O8-type sheet. Yellow: UO7 polyhedra, orange: UO6 polyhedra, red: O 2− atoms, black: (OH) − groups.
The anion topology of this second sheet is actually described as the β-U3O8 anion topology, which is also observed in the structure of minerals ianthinite [U 4+ 2(UO2)4O6(OH)4](H2O)5 [13] , wyartite, and its dehydrated equivalent CaU 5+ [(UO2)2(CO3)O4(OH)](H2O)7-3 [14, 15] , spriggite Pb3[(UO2)6O8(OH)2](H2O)3 [16] , and rameauite K2Ca[(UO2)3O3(OH)2]2(H2O)6 [17] . Note that in spriggite, billietite and rameauite, the square sites contain U 6+ O6 tetragonal bipyramids, while in wyartite and ianthinite the square sites are occupied by U 5+ O7 polyhedra and U 4+ ϕ6 octahedra, respectively. Adjacent infinite sheets of uranyl polyhedra are connected via the Ba cations which are bonded to six OUr atoms, with three of which from the same sheet ( Figure S4) .
The structural data obtained on natural billietite from Rabejac are completely consistent with the data previously published [4] . As the work of Finch et al. (2006) [4] , this study confirms the presence of six OH − groups and eight water molecules pfu for billietite, and disprove the structural model containing four water molecules pfu proposed by Pagoaga et al. (1987) [5] . Table S12 . Hydrogen-bond geometry in the structure of liebigite. The crystal structure of liebigite is composed by one symmetrically independent U 6+ cation, which is forming a typical nearly linear UO2 2+ uranyl ion. This UO2 2+ uranyl ion is coordinated by six oxygen atoms arranged at the equatorial vertices in order to form UrO6 hexagonal bipyramids. The mean <U-OUr> bond length is 1.80 Å and the mean <U-Oeq> bond length is 2.42 Å (Table S11 ). In addition to the UrO6 polyhedra, three independent C 4+ cations are occurring as typical CO3 triangles. The <C-O> bond lengths vary between 1.25 and 1.32 Å. The structure also contains three independent Ca 2+ atoms occurring either in 7-or 8-fold coordination to form the following polyhedra: Ca(1)O4(H2O)4, Ca(2)O3(H2O)4 and Ca(3)O4(H2O)4. Finally, three isolated water molecules (H2O20, H2O21 and H2O22) are occurring in the interlayer space of the structure. The structural chemical formula of liebigite is given by Ca2[(UO2)(CO3)3](H2O)11.
Bond O-H (Å) H···O (Å) O···O (Å) O-H···O (°)
The structure of liebigite is based upon the uranyl tricarbonate [(UO2)(CO3)3] 4− clusters, which are constituted by one UrO6 hexagonal bipyramid and three CO3 triangles connected together by edge-sharing. These clusters are linked together by three independent Ca 2+ polyhedra, and the connection between the clusters and the Ca polyhedra lead to the formation of layers perpendicular to the crystallographic a axis. (Figure S5 
